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(57) ABSTRACT 

A multi-chip semiconductor package using a lead-on-chip 
lead £rame. The lead-on-chip package places two or more 
lead-on-chip dice into one package that are either attached to 
their own lead-on-chip lead frame or are mounted to the 
same lead-on-chip lead frame and subsequenUy wire bonded 
to provide electrical connection from the dice to the lead 
frame while in substantially the same arrangement without 
requiring the assembly of the multiple semiconductor dice 
and lead frame to be flipped for additional wire bonding 
attachment of the dice to the lead frame. 
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MULTI CHIP SEMICONDUCTOR PACKAGE AND 
METHOD OF CONSTRUCTION 

CROSS-REFERENCE TO RELATED 
APPUCAnON 

[0001] This application is a continuation of application 
Sen No. 09/167,258, filed Oct. 6, 1998, pending. 

BACKGROUND OF THE INVENTION 
[0002] 1. Field of the Invention 

[0003] The present invention relates generally to semicon- 
ductor packaging and, more particularly, to a method and 
apparatus for providing multi-chip semiconductor device 
(die) packages. 

[0004] 2. Statement of the Art 

[0005] Integrated circuit devices proceed through a com- 
plicated and time-consuming fabrication routine before 
being completed and ready for packaging. Once this inte- 
grated circuit device passes final inspection for acceptability, 
it is passed to packaging. The integrated circuit device (IC) 
then is typically encapsulated in a protective package made 
of plastic, metal, ceramic material, or combinations thereof. 
The package is sealed to insulate the semiconductor die from 
the effects of temperature extremes, humidity and uninten- 
tional electrical contacts. The package has a plurality of 
conductive leads protruding from the encapsulation material 
for connecting to external devices on a printed circuit board. 
Various types of semiconductor packages include sealed 
metal cans, plastic and ceramic dual in-line packages, small 
outlining packages, single in-line packages, surface mount 
packages, and various other flat packages. 

[0006] One type of semiconductor device assembly is a 
lead-on-chip (LOG) assembly as shown in the prior art 
drawing FIG. 1. In drawing FIG- 1, a strip 10 of lead frames 
12 is provided. Ijocated in a center portion of each lead 
frame 12 is a semiconductor die 14 attached to the lead 
fingers 16, typically by way of wire bonds. An example of 
a single semiconductor die 14 being attached to a lead frame 
12 is shown in prior art drawing FIG. 2. The wire bonds 18 
connect the semiconductor die 14 to the lead fingers 16 of 
the lead frame 12. Next, the lead fingers 16 are trimmed and 
an encapsulant material is applied over the semiconductor 
die 14 and portions of lead fingers 16 to completely encap- 
sulate and seal wire bonds 18, portions of lead fingers 16, 
and semiconductor die 14, making a single chip package. 

[0007] There is a need to increase the semiconductor die 
density of a senuconductor package to include two or more 
semiconductor dice in one package. A high density package 
having multiple semiconductor dice therein increases the 
electronic component density on a printed circuit board. 
Such a high density semiconductor package also maximizes 
space utilization on a printed circuit board and further 
increases the number of active elements on the printed 
circuit board. U.S. Pat. No. 5,483,024, entitled "Hi^ Den- 
sity Semiconductor Package," issued Jan. 9, 1996, discloses 
a high density semiconductor package, an example of which 
is depicted in the prior art drawing FIG. 3. In the '024 
patent, two semiconductor dice 14 are fixed on the lead 
fingers 16 of a corresponding one of two lead frames 12. The 
semiconductor dice 14 and the lead frames 12 are then 
encapsulated (not shown) wherein a portion of the lead 



frames protrude and extend from the package. Wire bonds 
18 electrically connect each semiconductor die 14 to its 
respective lead frame 12. An adhesive material 20 is used to 
bond the back surfaces of semiconductor dice 14 to one 
another. The high density semiconductor package illustrated 
in the *024 patent does achieve a multi-chip package, but 
there are shortcomings in the manufacture of the same. 

[0008] One problem is that a first semiconductor die must 
be attached to its lead frame and then electrically connected 
with the wire bonds 18. The two or more senuconductor dice 
14 are adhered one to another Once they are attached, the 
semiconductor dice 14 must be carried in an open basket that 
does not provide great rigidity that otherwise leads to poor 
wire bonding during the wire bonding process. A strong base 
support is necessary in order to provide a wire bond appli- 
cation that does not have weaknesses that lead to subsequent 
electrical or mechanical failure. 

[0009] Another disadvantage with the '024 patent disclo- 
sure is that the semiconductor device assembly must be 
flipped in order to do the wire bonding on the second 
surface. This exposes the delicate wire bonds on the first 
surface of the first semiconductor die to risks of detachment 
that may occur due to the stressing that results while wire 
bonding the second surface of the second semiconductor die 
as the assembly is held in a less than desirable open support 
structure. Thus, it would be desirable to be able to use a wire 
bonding process where the wire bonds are made between 
both the first semiconductor die and the second semicon- 
ductor die and their respective lead frames from the same 
access point. 

[0010] Other types of multiple chip modules have been 
developed in the prior art. Another example is shown in U.S. 
Pat. No. 5,422,435, entided "Stacked Multi Chip Modules 
and Method of Manufacturing," issued Jun. 6, 1995. The 
'435 patent discloses a circuit assembly that includes a 
semiconductor die having substantially paraUel opposing 
first and second surfaces and at least one electrical contact 
mounted on the first surface. The multiple semiconductor 
dice are stacked one on top another or adjacent one another 
in a tandem position and then are electricaUy connected 
using wire bonds to a lead frame attached to a base substrate. 
The '435 patent allows the wire bonding between multiple 
semiconductor dice to be performed during the same opera- 
tion, but the use of a very complicated substrate with a lead 
frame assembly requires a larger semiconductor die than 
otherwise desired as weU as a much more complicated 
assembly process of attaching the semiconductor devices 
and any other intervening elements in a stack arrangement to 
the carrier substrate that includes the lead frame. No lead 
fingers of the lead frame are directly connected to the 
semiconductor die, such as in the '024 patent previously 
described. Thus, the '435 patent does not have the same 
advantages as using a lead-on-chip configuration as is 
achieved in the '024 patent. 

[0011] Another multi-chip stacked device arrangement is 
depicted in U.S. Pat. No. 5,291,061, entitled "Multi Chip 
Stacked Devices," issued Mar. 1, 1994, and commonly 
assigned with the present invention. The '061 patent dis- 
closes multiple stacked die devices attached to a main 
substrate. Each stacked semiconductor die device is then 
electrically connected using wire bonds to a separate lead 
frame, which is not attached to the main substrate. The '061 
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patent suffers from the same problem previously described 
in that it is not easily assembled using the improved lead- 
on-chip lead frame and the devices are stacked one on top 
another so as to make wire bonding difficult or done in 
stages after the addition of each subsequent die device. 

SUMMARY OF THE INVENTION 

[0012] The present invention is directed to a multi-chip 
semiconductor device package using a lead-on-chip lead 
frame configuration. The lead-on-chip multi-chip semicon- 
ductor device package places two or more lead-on-chip 
semiconductor dice into one package that are either attached 
to their own lead-on-chip lead frame or are mounted to the 
same lead-on-chip lead frame and subsequently wire bonded 
to provide electrical connection from the dice to the lead 
frame while in substantially the same arrangement without 
requiring the assembly of the multiple semiconductor dice 
and lead frame to be flipped for additional wire bonding 
attachment of the dice to the lead frame. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a schematic diagram of a prior art 
assembly of a lead frame tape; 

[0014] PIG. 2 is a cross-sectional schematic diagram of a 
prior art package of a lead-on-chip assembly having a single 
semiconductor device; 

[0015] FIG. 3 is a cross-sectional schematic diagram of a 
midti-chip lead-on-chip assembly according to the prior art; 

[0016] FIG. 4 niustrates a cross-sectional schematic dia- 
gram of a pair of semiconductor devices mounted in tandem 
according to the present invention; 

[0017] FIG- 5 is an alternative embodiment of a multi- 
chip lead-on-chip assembly according to the present inven- 
tion; 

[0018] FIG. 6 is an alternative embodiment of a pair of 
semiconductor devices attached using lead-on-chip lead 
frames; 

[0019] FIG- 7 is an alternative embodiment of a plurality 
of semiconductor devices interconnected to a lead-on-chip 
lead frame structure; 

[0020] FIG- 8 is an alternative embodiment of a pair of 
semiconductor devices attached to a single in-line lead-on- 
chip lead frame; 

[0021] FIG- 9 depicts an alternative embodiment of the 
lead-on-chip multi-chip package according to the present 
invention; 

[0022] FIG. 10 depicts an alternative embodiment of a 
lead-on-chip lead frame package according to the present 
invention; 

[0023] FIG. 11 depicts a schematic diagram of a single 
in-line memory module utilizing a multi-chip package 
according to the present invention; 

[0024] FIG. 12 depicts a schematic diagram of multiple 
multi-chip assemblies in a lead frame tape strip according to 
the present invention; and 

[0025] FIG. 13 depicts a computer system incorporating 
the multi-chip package .according to the present invention. 



DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0026] Referring to drawing FIG- 4, illustrated is a semi- 
conductor device assembly 100 of the present invention. The 
assembly 100 comprises a conductor carrying substrate 102 
and a first and second semiconductor die 104, which are both 
attached to die conductor-carrying substrate 102. Each semi- 
conductor die 104 is further attached to the leads of a 
lead-over-chip (LOC) lead frame 106, the leads of the lead 
frame 106 being mechanically attached, by adhesive 112 
bonding either directly to the active surface of the semicon- 
ductor die 104 or through the use of an adhesively coated 
tape 112 located between the active surface of the die 104 
and the leads of the lead frame 106, along a portion of a 
respective die 104. Next, a wire bond 108 is attached to 
extend between a bond pad UO on each semiconductor die 
104 and a lead of the lead frame 106. Since a plurality of 
bond pads UO are located on the active surface of a 
semiconductor die 104, a plurality of wire bonds 108 will 
thus be provided to coimect to a plurality of leads of the lead 
frame 106. Next, an encapsulant material, ^own by dotted 
line 101, is used to seal the substrate 102, the multiple 
semiconductor dice 104, and wire bonds 108. Subsequentiy, 
the leads of lead frame 106 are trimmed and formed into any 
variety of shapes, such as that depicted in FIG. 4 or, 
alternately, a J-shaped lead, a Z-shaped lead, an S-shaped 
lead, or the like. 

[0027] Each semiconductor die 104 attaches to the carrier 
substrate 102 using an appropriate adhesive 112 or any other 
weU known standard die attach processes. The adhesive 112 
is selected to have an appropriate coefiEcient of thermal 
expansion (CTE) to closely match the coefficient of thermal 
expaission of the carrier substrate 102 and the semiconductor 
die 104 as well as to provide good heat-conductive proper- 
ties while providing electrical insulation between the active 
surface of a die 104 and the substrate 102. Adhesive 112 may 
alternately be an adhesively coated tape. Tbe adhesive 112 
may be composed of an electrically insulating material or a 
heat dissipating material such as a heat sink or combinations 
of both. A conductive epoxy, such as a silver type die attach 
epoxy, may also be employed to attach the die 104 to the 
substrate 102. ^ 

[0028] After the wire bonding process, typically, the semi- 
conductor device assembly 100 is encapsulated using a 
suitable encapsulation material, shown by outline 101. One 
type of encapsulation material is molded plastic filled with 
inert material, which is commonly used for encapsulating 
semiconductor die and the like. Other encapsulation mate- 
rials may also be used, such as ceramics or metal enclosures 
or combinations of both. The encapsulation material does 
not cover the outer ends of the leads of the lead frame 106, 
which protmde from the encapsulation material. The pro- 
truding portions of outer ends of the leads of the lead frame 
106 provide electrical connection of the semiconductor die 
104 encapsulated in the semiconductor device assembly 100 
to a printed circuit board (not shown). 

[0029] Referring to drawing FIG. 5, an alternative 
embodiment of the semiconductor device assembly 100 is 
depicted. In the alternative embodiment illustrated in draw- 
ing FIG. 5 of the present invention, no carrier substrate 102 
is used, but rather the two semiconductor dice 104 are 
attached to each other with the back side of one die 104 
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madDg to the active surface of the other die 104. The active 
surface of the semiconductor die 104 is protected by an 
oxide coating or other protective coating, such as the adhe- 
sive layer 112, or adhesively coated tape 112. Tliis allows 
one semiconductor die 104 to have its active region attached 
to a back side of another die 104 with adhesive 112 or 
adhesive coated tape 112 therebetween. Wire bonds 108 are 
attached to individual leads of the lead frame 106 and 
attached to the bond pads 110 on each of the semiconductor 
dice 104. The leads of the lead frame 106 are attached by 
adhesive 112 or adhesively coated tape 112 to an edge of the 
active surface of each semiconductor die 104. The leads of 
the lead frame 106 are not spaced relatively close to the bond 
pads 110 on the semiconductor die 104, thereby allowing for 
easy attachment of the wire bonds 108 during the wire 
bonding process. The semiconductor device assembly 100 is 
encapsulated in a suitable encapsulation material as shown 
by outline 101. 

[0030] Referring to drawing FIG. 6, yet an alternative 
embodiment of the semiconductor device assembly 100 of 
the present invention is depicted where a portion of the leads 
of a lead frame 106 is attached by adhesive 112 or adhe- 
sively coated tape 112 to a portion of the active surface of 
a semiconductor die 104, while another portion of the leads 
of lead frame 106 is attached by adhesive 112 or adhesively 
coated tape 112 to the back side of another semiconductor 
die 104. Alternately, well knoAvn standard die attach pro- 
cesses using a conductive epoxy, such as a silver based 
epoxy, may also be used. Wire bonds 108 are then used to 
electrically connect the bond pads HO of each semiconduc- 
tor die 104 to the leads of the lead frame 106. The back side 
of one semiconductor die 104 is attached to a portion of the 
active siuface of another semiconductor die 104 by a suit- 
able adhesive 112 or adhesively coated tape 112 The semi- 
conductor device assembly 100 is encapsulated in a suitable 
encapsulation material shown by outline 101. 

[0031] Referring to drawing FIG. 7, yet another alterna- 
tive embodiment of the semiconductor device assembly 100 
of the present invention is illustrated. In this alternative 
embodiment of the semiconductor device assembly 100 of 
the present invention, two semiconductor dice 104, located 
in a common horizontal plane, each have a portion of the 
active surface thereof attached to a portion of the back side 
of a third semiconductor die 104 located thereabove through 
the use of a suitable adhesive 112 or adhesively coated tape 
112. A portion of the leads of the lead frame 106 is attached 
using an adhesive 112 or adhesively coated tape 112 to a 
portion of the active surface of the semiconductor die 104 
while another portion of the leads of the lead frame 106 is 
attached by an adhesive 112 or adhesively coated tape 112 
to a portion of the adjacent semiconductor die 104. A 
plurality of wire bonds 108 is then used to attach the bond 
pads 110 of each semiconductor die 104 to the leads of the 
lead frame 106. In this case, preferably, the top semicon- 
ductor die 104 has bond pads 110 fabricated along the 
outside edges of the die 104 while the bottom two dice 104 
have substantially center-aHgned bond pads 110 formed 
thereon. If desired, the bond pads 110 on the top semicon- 
ductor die 104 may be at any location thereon; however, the 
wire bonds 108 may increase in length between the bond 
pads 110 and the leads of the lead frame 106. The leads of 
the lead frame 106 attach to the edge of the active surface of 
each of the semiconductor dice 104 located below the upper 
dice 104 in the configuration. Alternatively, as illustrated in 



dotted lines, the leads of the lead frame 106 may be attached 
on the back side of the lower semiconductor die 104 with 
wire bonds 108 extending between the bond pads 110 of 
each die 104 and the leads of the lead frame 106. The 
semiconductor device assembly 100 is encapsulated in a 
suitable encapsulation material as shown by outline 101. 

[0032] Referring to drawing FIG. 8, yet another alterna- 
tive embodiment of the semiconductor device assembly 100 
of the present invention is depicted that includes two semi- 
conductor dice 104 and a plurality of leads of a lead frame 
106. A first semiconductor die 104 has a portion of the back 
side thereof attached to a portion of the upper surfaces of the 
leads of the lead frame 106 by a suitable adhesive 112 or 
adhesively coated tape 112 or well known standard die 
attach epoxies or conductive epoxy, such as a silver based 
epoxy, while a second semiconductor die 104 has a portion 
of the active surface thereof attached to the lower surfaces 
of the leads of the lead frame 106 by a suitable adhesive 112 
or adhesively coated tape 112. The first semiconductor die 
104 is positioned so that an exposed portion of lead frame 
106 extends a suf5cient enough distance beneath the back 
side of the first die 104 to allow a plurality of wire bonds 108 
to connect the bond pads 110 of each die 104 to the leads of 
the lead frame 106. This is advantageous in that a single 
in-line module may be formed utilizing the advantage of 
placing two or more, or any desired number o^ semicon- 
ductor dice 104 in a substantially adjacent configuration 
with the active surface of each die 104 and their associated 
bond pads 110 thereon facing the same direction for forming 
wire bonds 108 during a wire bond process. The semicon- 
ductor device assembly 100 is encapsulated in a suitable 
encapsulation material as shown by outline 101. 

[0033] Referring to drawing FIG. 9, an alternative 
embodiment of the semiconductor device assembly 100 of 
the present invention is illustrated. The semiconductor 
device assembly 100 includes the leads of a lead frame 106 
attached through the use of a suitable adhesive 112 or 
adhesively coated tape 112 or other well standard die attach 
epoxies to the back side of the first or top semiconductor die 
104 and other leads of the lead frame 106 attached through 
the use of a smtable adhesive 112 or adhesively coated tape 
112 to a portion of the active surface of a second or bottom 
semiconductor die 104. The first semiconductor die 104 has 
a portion of the back side thereof attached to a portion of the 
active surface of the second semiconductor die 104 using a 
suitable adhesive 112 or adhesively coated tape 112. Such a 
semiconductor device assembly 100 of the present invention 
provides a more compact design since the profile height of 
the overall structure is reduced. In this embodiment of the 
semiconductor device assembly 100 of the present inven- 
tion, preferably, the one semiconductor die 104 has bond 
pads 110 on the edge of the active surface thereof while the 
other semiconductor die 104 has generally centered or 
centrally-oriented bond pads 110 on the active surface 
thereof Wire bonds 100 extend between the bond pads 110 
of the semiconductor die 104 and the leads of the lead frame 
106. The semiconductor device assembly 100 is encapsu- 
lated in a suitable encapsulation material as shown by 
outhne 101. 

[0034] Referring to drawing FIG. 10, another alternative 
embodiment of the semiconductor device assembly 100 of 
the present invention includes the leads of the lead frame 
106 attached to the back side of each semiconductor die 104 
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using a suitable adhesive 112 therebetween or an adhesively 
coated tape 112 or well known standard die attach epoxies 
or conductive epoxies as described hereinbefore located 
therebetween while a portion of the back side of the first 
semiconductor die 104 is attached to a portion of the active 
surface of the second semiconductor die through the use of 
a suitable adhesive 112 or an adhesively coated tape 112. In 
this manner, each semiconductor die 104, the first semicon- 
ductor die and the second semiconductor die, preferably has 
edge-oriented bond pads 110 on the active surface thereof 
for the wire bonds 108 extending between the leads of the 
lead frame 106 and the bond pads 110 of the die 104 for a 
rapid wire bonding process during the wire bonding stage. In 
all but the embodiment shown in drawing FIG. 8, the 
resulting semiconductor device assembly 100 produces a 
dual in-line parallel lead configuration for the semiconductor 
die 104. The semiconductor device assembly 100 is encap- 
sulated in a suitable encapsulation material as shown by 
outline 101. 

[0035] Once the assembly 100 has been encapsulated, it 
then may be installed on a circuit board, such as shown in 
drawing FIG. 11. As illustrated in drawing FIG- 11, a single 
in-line memory module (SIMM) 120 includes a plurality of 
semiconductor device assemblies 100 electrically and 
mechanically attached to a printed circuit board 122. Printed 
circuit board 122 further includes a plurality of edge con- 
nectors 124, whidi are electrically connected to the plurality 
of semiconductor device assemblies 100. Apair of chp holes 
126 are provided on either end of circuit board 122, and are 
used to securely fasten the SIMM 120 within a memory slot 
on a computer system. 

[0036] Referring to drawing FIG. 12, a plurality of semi- 
conductor device assemblies 100 are illustrated in a tape 
array format 130. Each semiconductor device assembly 100 
includes a pair of semiconductor dice 104, attadied one over 
the other denoted by the dotted line 132. The two semicon- 
ductor dice 104 are mechanically attached to the leads of 
lead frames 106, forming a portion of the tape assembly 130. 
Next, the wire bonding process is performed that attaches 
wire bonds 108 from each semiconductor die 104 to the 
leads of the lead frames 106. Then, the leads of the lead 
frames 106 are severed, such as shown along the dotted line 
134, during a trinaming operation. The leads of the lead 
frames 106 are formed into a desired shape after the encap- 
sulation of the leads of the lead frames 106 and semicon- 
ductor dice 104. 

[0037] Referring to drawing FIG. 13, a computer system 
140 is illustrated. The computer system 140 includes one or 
more semiconductor device assemblies 100 manufactured 
according to the present invention as described hereinbefore. 
Computer system 140 includes a microprocessor unit 142, 
which may utilize the multi-chip packaging semiconductor 
device assembly 100. Computer 140 fiirther comprises an 
input device 144 and an output device 146, which are both 
attached to a bus system 150. Bus system 150 is attached 
further to microprocessor unit 142 and to a memory system 
148. Memory system 148 may also incorporate the multi- 
chip semiconductor device assembly 100 according to the 
present invention. 

[0038] Although the preferred embodiments of the present 
invention have been disclosed for illustrative purposes. 



those skilled in the art will appreciate that various modifi- 
cations, additions, and substitutions are possible, without 
departing from the scope and spirit of the invention as 
disclosed in the accompanying claims. 

What is claimed is: 

1. A method of making a semiconductor device assembly 
having a first semiconductor die having at least one bond pad 
on an active surface thereof and having a back side and 
having a second semiconductor die having at least one bond 
pad on an active surface thereof and having a back side, said 
first semiconductor die and said second semiconductor die 
mounted on a lead frame having a plurality of leads, said 
method comprising: 

providing a carrier substrate having a first side and a 
second side; 

attaching the back side of the first semiconductor die and 
the back side of the second semiconductor die to the 
first side of the carrier substrate; 

attaching at least one lead of the plurality of leads to a 
portion of the active surface of dbe first semiconductor 
die; 

attaching at least one lead of the plurality of leads to a 
portion of the active surface of the second semicon- 
ductor die; 

forming at least one wire bond extending between the at 
least one bond pad on the active surface of the first 
semiconductor die and at least one lead of the plurality 
of leads of the lead frame; and 

forming at least one wire bond extending between the at 
least one bond pad on the active surface of the second 
semiconductor die and at least one lead of the plurality 
of leads of the lead frame. 

2. The method of claim 1, further comprising: 

adhesively bonding the first semiconductor die to the at 
least one lead of the plurality of leads using an adhesive 
located between the first semiconductor die and the at 
least one lead of the plurality of leads of the lead frame; 
and 

adhesively bonding the second semiconductor die to the at 
least one lead of the plurality of leads using an adhesive 
located between the second semiconductor die and the 
at least one lead of the plurality of leads of the lead 
frame. 

3. The method of claim 2, wherein the adhesive includes 
a tape coated with an adhesive. 

4. The method of claim 1, further comprising: 

adhesively bonding the back side of the first semiconduc- 
tor die to the first side of the carrier substrate using an 
adhesive located between the back side of the first 
semiconductor die and the carrier substrate; and 

adhesively bonding the back side of the second semicon- 
ductor die to the first side of the carrier substrate using 
an adhesive located between the back side of the 
second semiconductor die and the carrier substrate. 

5. The method of claim 4, wherein the adhesive includes 
a tape coated with an adhesive. 

* * 1^ * m 



